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Temporal association of stress sensitivity and
symptoms in individuals at clinical high
risk for psychosis
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Background. Increased sensitivity and exposure to stress are associated with psychotic symptoms in schizophrenia
and its risk states, but little is known about the co-evolution of stress sensitivity and exposure with positive and other
symptoms in a clinical high-risk (CHR) cohort.

Method. A combined cross-sectional and longitudinal design was used to examine the associations over time of
stress sensitivity and exposure (i.e. life events) with ‘prodromal” symptoms in a cohort of 65 CHR patients assessed
quarterly for up to 4 years, and at baseline in 24 healthy controls similar in age and gender.

Results. Impaired stress tolerance was greater in patients, in whom it was associated over time with positive and
negative symptoms, in addition to depression, anxiety and poor function. By contrast, life events were comparable in
patients and controls, and bore no association with symptoms. In this treated cohort, there was a trajectory of
improvement in stress tolerance, symptoms and function over time.

Conclusions. Impaired stress tolerance was associated with a wide range of ‘ prodromal’ symptoms, consistent with
it being a core feature of the psychosis risk state. Self-reported life events were not relevant as a correlate of clinical
status. As in other treated CHR cohorts, most patients improved over time across symptom domains.
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Introduction 1994; Goldstone et al. 2011), even controlling for life

. . . . . events.
The diathesis—stress model of schizophrenia posits

that psychosocial stress may contribute to the devel-
opment or exacerbation of positive symptoms in vul-
nerable individuals (Nuechterlein & Dawson, 1984;
Walker & Diforio, 1997). Stress is assessed in terms of
exposure (major life events) and sensitivity (impaired
tolerance to normal stress or increased sensitivity to
daily hassles). In schizophrenia, self-reported ex-
posure to life events is related to psychosis relapse and
fluctuations in psychotic symptom severity (Corcoran
et al. 2003), specifically paranoia (Raune et al. 2006).

The relevance of stress exposure and experience to
symptoms is less clear in adolescents and young
adults at heightened clinical risk for schizophrenia
and related psychotic disorders, who have subthres-
hold psychotic-like symptoms that occur in the context
of intact reality testing, and are clinically significant
but not disorganizing or dangerous. In a cross-
sectional study of an Australian clinical high-risk
(CHR) cohort, life events were unrelated to symptoms
or endocrinological measures whereas perceived
hassles were related to poor functioning, elevated
cortisol secretion and total score on the Brief Psy-
chiatric Rating Scale (although not to its psychosis
subscale) (Thompson et al. 2007). In an American CHR
cohort, impaired stress tolerance was also associated
in cross-section with elevated cortisol, and both im-

However, impaired stress tolerance, or the close
equivalent of “hassles’, is related more broadly in
schizophrenia to delusions, hallucinations and mood
disturbance, in both adolescents (Lee & Schepp, 2009)
and adults (Malla & Norman, 1992; Norman & Malla,

paired stress tolerance and cortisol were further as-
sociated with suspiciousness (Corcoran et al. 2012). In
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a cross-sectional study of a Canadian CHR cohort,
both psychotic-like and depressive symptoms were
correlated with ‘chronic stress’, as assessed by the
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Trier Inventory for the Assessment of Chronic Stress
(Pruessner ef al. 2011).

There are few longitudinal studies of stress meas-
ures as potential correlates of symptoms and pre-
dictors of outcome in CHR cohorts. In a British cohort
of 74 CHR patients followed prospectively for 1 year,
baseline life events did not independently predict
psychosis outcome (Mason et al. 2004). In an American
cohort of schizotypal adolescents, life events and daily
stress were associated at baseline with concurrent
symptoms (positive, negative, disorganized and gen-
eral) but only daily stress predicted an increase in
psychotic-like (but not negative) symptoms in the en-
suing year (Tessner et al. 2011). Additionally, impaired
stress tolerance was predictive of transition to
psychosis in an Australian CHR cohort, more so than
severity of attenuated psychotic symptoms (Yung et al.
2005). Despite basic research suggesting that stress
sensitivity is core to the development of schizophrenia
(Moghaddam, 2002 ; Grace, 2012), little is known about
the co-evolution of symptoms and stress sensitivity in
patients at heightened risk for psychotic disorder.
Understanding this relationship has potentially pro-
found implications as stress sensitivity might be tar-
geted with cognitive behavioral therapy (CBT;
Morrison et al. 2004) and medications other than anti-
psychotics, such as anxiolytics and antidepressants
(Cornblatt et al. 2007).

We build on this existing literature through the
prospective quarterly evaluation not only of psychotic-
like and other symptoms and but also of stress meas-
ures because interval exposures to life events and
changes in stress sensitivity may be relevant to symp-
tom expression and function. We examined the dy-
namic relationships over time (measured quarterly for
up to 4 years) between clinical symptoms and stress
measures (life events and impaired stress tolerance) in
a prospective CHR cohort. Our group have used this
methodology previously to demonstrate that self-
reported cannabis use fluctuated in tandem with
anxiety and perceptual disturbances in CHR patients
(Corcoran et al. 2008). In the current study we used this
same repeated-measures approach, which emphasizes
within-subject comparisons, to test the hypotheses that
impaired stress tolerance has baseline and longitudi-
nal associations with severity of depressed mood
(Malla & Norman, 1992; Norman & Malla, 1994;
Pruessner et al. 2011), anxiety (Malla & Norman, 1992),
functional impairment (Thompson et al. 2007) and
subthreshold psychotic symptoms (Norman & Malla,
1994; Pruessner et al. 2011; Tessner et al. 2011),
specifically unusual thought content (attenuated
delusions) (Norman & Malla, 1994; Goldstone et al.
2011) and suspiciousness (attenuated paranoia)
(Corcoran et al. 2012). Exposure to major life events
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was expected to be associated with symptoms at
baseline and prospectively, although these hypotheses
are tentative given the mixed results from prior
studies.

Method
Participants

This study was conducted at the Center of Prevention
and Evaluation (COPE), a psychosis-risk clinical re-
search program at the New York State Psychiatric
Institute at Columbia University Medical Center.
Patients were help-seeking youths considered at CHR
for non-affective psychosis, referred from schools and
clinicians, or self-referred from the program website
(www.copeclinic.org). Eligibility is determined based
on consensus-rated clinical interviews, prior history
and collateral information from family and clinicians.
Patients have a comprehensive baseline evaluation
and quarterly assessments of stress experience, clinical
status, global function, medications, substance use and
potential transition to psychotic disorder. Healthy
controls, evaluated only at baseline, were recruited
from the same source population using web advertis-
ing, brochures and fliers. All adult participants pro-
vided written informed consent. Participants under
the age of 18 years provided written assent, with
written informed consent provided by a parent. Data
were collected over an 8-year period from May 2003
to May 2011. This study was approved by the
Institutional Review Board at the New York State
Psychiatric Institute at Columbia University.

Inclusion and exclusion criteria

All participants were between the ages of 12 and
30 years, and English-speaking. CHR patients met
criteria for at least one of three psychosis-risk states, as
assessed with the Structured Interview for Prodromal
Syndromes (SIPS; Miller et al. 2003): (1) attenuated
positive symptoms syndrome; (2) genetic risk and
deterioration syndrome; and/or (3) brief intermittent
psychotic symptoms syndrome. Attenuated positive
symptoms could not have occurred solely in the con-
text of substance use, or have been better accounted
for by another disorder. Exclusion criteria for all par-
ticipants included history of psychosis, serious risk of
harm to self or others, major medical or neurological
disorder, and mental retardation (IQ <70, with func-
tional impairment). Additional exclusion criteria for
controls included adoption, family history of psy-
chosis (first-degree), Axis I disorder within the past
2 years (except for substance abuse), and any Axis II
disorder.
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Measures

Demographic information was recorded at time
of enrollment, including self-reported age, gender,
ethnicity and employment/education status (full-
time, part-time or none). Stress measures, symptoms
and global function scores were evaluated at baseline
in all participants and quarterly for up to 4 years in
patients. Current medications and recent substance
use were assessed at baseline and quarterly. Longi-
tudinal data for patients were censored if and when
they developed threshold psychosis.

The sum of recent major life events was assessed
using an adaptation of Coddington’s Life Events
Record (1972). Fifty major life events are listed, and
participants are queried as to whether these occurred
in the previous 3 months; they may also list life events
not otherwise queried. The total number of life events
reported was used, consistent with a prior longitudi-
nal study of life events in a CHR cohort (Tessner et al.
2011). ‘Impaired tolerance to normal stress’ was as-
sessed through a semi-structured interview as an item
on the Scale of Prodromal Symptoms (SOPS; Miller
et al. 2003). This is rated from 0 (absent) to 6 (extreme)
and is assessed using four probes: (1) Are you feeling
more tired or stressed than the average person at the
end of a usual day? (2) Do you get thrown off by un-
expected things that happen to you during the day?
(3) Are you finding that you are feeling challenged or
overwhelmed by some of your daily activities? Are
you avoiding any of your daily activities? (4) Are you
finding yourself too stressed, disorganized, or drained
of energy and motivation to cope with daily activities ?
‘Impaired tolerance to normal stress’ is identified as a
‘general symptom” on the SOPS scale, and does not
load on positive or negative symptom factors based on
prior principal components analysis of SOPS assess-
ments (Hawkins ef al. 2004). Anchors in the CHR range
(scores of 3-5 on a scale of 0-6) consist respectively of
‘thrown off by unexpected happenings in the usual
day’, ‘increasingly challenged by daily experiences’
and “avoids or is overwhelmed by stressful situations
that arise during the day’. Impaired stress tolerance
was associated at baseline with scores on the
Perceived Stress Scale (Cohen et al. 1983), collected for
an early subset (n=21) of our cohort (Spearman’s
p=0.85, p<0.001), supporting the concurrent validity
of this measure in a CHR cohort.

Subthreshold psychotic symptoms were rated using
the SOPS and include unusual thought content, sus-
piciousness, grandiosity, perceptual abnormalities
and conceptual disorganization, all rated from 0
(absent) to 6 (psychotic), with a prodromal range of
3-5. The range for total positive symptoms (five items)
is 0-30 and the range for total negative symptoms
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(six items) is 0-36. Reliability for the SIPS/SOPS
was established by C.M.C. at the Recognition and
Prevention (RAP) psychosis-risk research group at
Hillside Hospital in New York [intraclass correlation
coefficients (ICCs) >0.70 for individual scale items
and 1.00 for syndrome ratings]. Inter-rater reliability
is excellent to near-excellent for individual SOPS
items, both in our program and in others (Miller et al.
2003). The SIPS/SOPS was administered by clinicians
certified in administration by investigators at Yale
University, and ratings were achieved by consensus
with the program director (C.M.C.). Anxiety and de-
pression symptoms were evaluated using Beck in-
ventories (Beck et al. 1961, 1988). Global functioning
was measured using the modified global assessment
of function (GAF-m) component of the SIPS/SOPS.

Medication status was documented at each assess-
ment and considered as yes/no for the two major
classes of medications prescribed at COPE (anti-
depressants and antipsychotics). Substance use was
self-reported as number of days of use over the prior
month using timeline follow-back procedures. Sub-
stances other than alcohol and cannabis were excluded
from analysis due to negligible base rates of use
among our cohort (Corcoran et al. 2008).

Potential transition to psychotic disorder was as-
certained using the SIPS/SOPS to determine ‘ Presence
of Psychotic Syndrome’. Questions focused on con-
viction as to unusual beliefs and sources of perceptual
disturbances; effects of symptoms on behavior and
function, especially if they were dangerous and/or
disorganizing; frequency of symptoms; in-patient
hospitalization or emergency room visits related to
symptoms; and any prescription of antipsychotics.
This evaluation was carried out by telephone for
patients who had minimal follow-up assessments,
with the patients themselves, their family members
and/or their treating clinicians.

Data analysis
Baseline

CHR and healthy control participants were compared
at baseline using Student’s independent samples
t tests and y? tests (with Yates correction for con-
tinuity) for demographics, clinical symptoms and
function, substance use, and for life events and im-
paired stress tolerance. CHR patients were hypoth-
esized to have greater symptom severity, including
impaired stress tolerance, but an equivalent number
of recent life events (Norman & Malla, 1993). ¢ tests
and Spearman’s rank correlations (p) were used to
test associations of stress measures with demo-
graphic variables in both patients and controls, and
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with medication (antipsychotics, antidepressants) in
patients. For these analyses, a was set at 0.05.

For the CHR cohort, Spearman’s rank correlations
(p) were estimated for associations of impaired stress
tolerance and life events with symptoms and global
function. We hypothesized that impaired stress toler-
ance would be associated in cross-section with total
positive symptoms, suspiciousness, unusual thought
content, depression, anxiety and global function.
Exploratory analyses were conducted for life events
with all six symptom domains. Other specific positive
symptoms (grandiosity, perceptual abnormalities and
conceptual disorganization) and total negative symp-
toms were tested for associations with both stress
measures in an exploratory fashion. a for significance
was modified with Bonferroni correction for all base-
line correlations (10 symptoms with two stress
measures) within the CHR group, set at 0.05/
20=0.0025. For linear regression, a standard a of 0.05
was used to determine which correlated variables
were entered into the models.

Logistic regression was used to examine baseline
stress measures as predictors of transition to psychotic
disorder (o =0.05), with all participants having at least
1 year of exposure to risk.

Longitudinal

Longitudinal analyses were conducted for the cohort
of CHR patients but not healthy controls as we did not
expect sufficient variance in psychotic-like symptoms
among controls to detect an association. Temporal re-
lationships between impaired stress tolerance and
symptoms, and also life events and symptoms, were
analyzed using generalized estimating equation (GEE)
regression models. GEE models are appropriate for a
longitudinal study of CHR patients (Corcoran et al.
2008) as they account for correlations of repeated
measures within subjects, do not make precise dis-
tributional assumptions, and enable the inclusion of
all participants regardless of missed assessments
(Liang & Zeger, 1986). Intra-individual correlation
over time for each model was examined by a corre-
lation matrix; we used an “exchangeable”’ correlation
matrix as it accounts for correlations within subjects
but not changes in the strength of those correlations
over time. Time-lag analyses were not performed as
subsequent assessments were spaced at least 3 months
apart.

Each GEE crude model tested the relationship of the
two stress measures to a specific clinical feature.
Predictor variables for the separate models were im-
paired stress tolerance and life events, based on the
preceding 3-month period. Time enrolled in the study
(for each assessment) was included in all GEE models
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as an independent variable to control for the overall
trajectory of symptoms over time. The GEE analyses
were conducted a second time as full models, includ-
ing potential confounders (demographics: age, sex,
race; current medications: antipsychotics yes/no,
antidepressants yes/no; substance use within the past
month: days of alcohol use, days of cannabis use).
Ethnicity was treated as a dichotomous variable
of Caucasian versus non-Caucasian in longitudinal
analyses as the sample size was insufficient for more
specific categorization.

Impaired stress tolerance was hypothesized to be
associated longitudinally with total positive symp-
toms, suspiciousness, unusual thought content, de-
pressive symptoms, anxiety and global function.
Associations between symptoms of primary interest
and life events were considered exploratory, given
inconsistent findings in prior studies. There were
eight additional exploratory GEE analyses, testing
associations for each stress measure with one of
four symptoms: grandiosity, perceptual disturbances,
conceptual disorganization and negative symptoms.
As there were 20 GEE analyses, a was modified using
Bonferroni correction for all longitudinal analyses,
including those hypothesized, and set at 0.05/
20=0.0025.

Results
Baseline

There were 65 CHR patients and 24 healthy controls.
All CHR patients met criteria for the attenuated posi-
tive symptom syndrome, and three also met criteria
for genetic risk and deterioration syndrome, and one
for the brief intermittent psychotic symptom syn-
drome. Patients and controls did not differ by sex,
age, race/ethnicity or education/employment status
(Table 1). As expected, patients had greater symptom
severity across domains, including impaired tolerance
to normal stress, and worse function, but were similar
to controls in life event exposure (Table 1). Only
patients were on psycho-active medications (Table 1).
Age, sex, race and education/employment status were
unrelated to impaired stress tolerance or life events in
the full cohort. Among patients, medication and sub-
stance use were unrelated to the stress measures (data
not shown).

As hypothesized, impaired stress tolerance in CHR
patients was associated with suspiciousness (p=0.26,
p=0.04), depression (p=0.44, p=0.004) and anxiety
(p=0.32, p=0.05); however, none of these survived
Bonferroni correction. Although hypothesized, there
was no association of impaired stress tolerance with
total positive symptoms (p=0.07, p=0.61), unusual
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CHR (n=65) Controls (n=24)

Male 76.9 58.3
Age (years) 19.5 (3.7) 20.4 (3.4)
Ethnicity (self-reported)

Caucasian 46.2 66.7

African-American 29.2 20.8

Asian-American 6.2 42

More than one 18.5 8.3

Hispanic 33.9 29.2
Employment/education

Full-time 64.6 45.8

Part-time 12.3 33.3

No current involvement 23.1 20.8
Self-reported life events

Mean (s.p.) 3.7 (2.8) 4.6 (3.9)

Median (range) 3.0 (0-11) 3.5 (1-16)
SIPS/SOPS

Impaired stress tolerance* 2.8 (2.1) 0.1 (0.5)

Total positive symptoms* 13.6 (4.4) 0.7 (0.9)

Unusual thought content* 35(1.2) 0.2 (0.4)

Suspiciousness* 31(14) 0.3 (0.6)

Grandiosity* 1.9 (1.5) 0.0 (0.0)

Perceptual abnormalities* 2.7 (1.5) 0.1 (0.04)

Conceptual disorganization* 2.1(1.5) 0.1 (0.3)

Total negative symptoms* 12.7 (6.5) 1.3 (1.7)
Beck depression* 12.5 (10.0) 1.2 (2.0)
Beck anxiety* 16.0 (12.3) 3.6 (3.8)
GAF-m (function)* 44.8 (6.7) 80.1 (8.1)
Antipsychotic use at baseline 14 0
Antidepressant use at baseline** 19 0
Alcohol use (days/past month) 2.5 (4.6) 4.5 (5.3)
Cannabis use (days/past month) 1.9 (4.9) 3.0 (8.6)

CHR, Clinical high risk; s.p., standard deviation; SIPS, Structured Interview for
Prodromal Syndromes; SOPS, Scale of Prodromal Symptoms ; GAF-m, modified

global assessment of function.
Values given as percentage, mean (s.0.) or median (range).
*p<0.001, ** p<0.05.

thought content (p=—0.02, p=0.86) or poor function
(p=—-0.12, p=0.37). When significant correlations
were examined using multiple linear regression, im-
paired stress tolerance was only significantly pre-
dicted by depression (8=0.09, s.e.=0.03, p=0.005) and
not by suspiciousness (8=0.32, s.e.=0.19, p=0.11).
Total life events in the prior 3 months was not
associated with any baseline symptoms (data not
shown). Neither impaired stress tolerance nor life
events was related to grandiosity, perceptual abnor-
malities, conceptual disorganization or total negative
symptoms at baseline (data not shown). Impaired
stress tolerance and self-reported life events were
unrelated to one another (p=0.15, p=0.23). Neither
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impaired stress tolerance nor life events was related to
risk for transition to psychosis (18/65 =28 %), with all
participants having at least 1 year of risk exposure
(baseline impaired stress tolerance: f#=0.06, s.E.=0.14,
p=0.65; baseline life events: f=—0.06, s.e.=0.10,
p=0.56).

Longitudinal

Sixty-five CHR patients completed a total of 285 as-
sessments, for a mean of 4.4 (s.0. =2.9) assessments per
patient. The number of assessments per patient ranged
from 1 to 13 [1 (n=11), 2 (n=13), 3 (n=6), 4 (n=5),
5(n=8),6(n=6),7 (n=6),8(n=4),9 (n=3),10 (n=2),
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Table 2. Longitudinal data for crude and full models for symptoms hypothesized to be related to stress sensitivity in CHR participants

Total Unusual Suspicious-
positive thought ness Depression Anxiety GAF-m
Crude model
Time —0.25(0.03)*  —0.05(0.01)* —0.04 (0.01)* —0.24 (0.06)* —0.17(0.13) 0.27 (0.07)*
Life events 0.06 (0.12) 0.01 (0.04)  —0.01 (0.04) 0.18 (0.43) 1.01 (0.55) 0.07 (0.21)
Impaired stress tolerance 0.83 (0.16)* 0.16 (0.05)* 0.30 (0.04)* 2.23 (0.42)* 2.02 (0.64)* —1.49 (0.33)*
Full model
Time —0.23 (0.03)*  —0.04 (0.01)* —0.04 (0.01)*  —0.20(0.05)* —0.15(0.14) 0.23 (0.06)*
Life events 0.11 (0.15) 0.05(0.04)  —0.01(0.04) 0.34 (0.46) 0.57 (0.54) —0.08 (0.21)
Impaired stress tolerance 0.90 (0.15)* 0.16 (0.05)* 0.36 (0.04)* 2.37 (0.40)* 2.71 (0.51)* —1.94 (0.29)*
Age 0.17 (0.12) 0.06 (0.04) 0.06 (0.03) 0.16 (0.25) 0.61 (0.51) —0.23 (0.17)
Sex (male) 2.85(1.27) 1.00 (0.36) 0.38 (0.33) 1.42 (2.42) 4.72 (3.18) —5.10 (1.60)*
Race (Non-Caucasian) 0.34 (1.04)  —0.19 (0.33) 0.02 (0.25) 2.19 (2.69) —0.03 (3.66) —3.05 (1.22)
Antipsychotic —1.33(0.99) —0.03(0.34) —0.57(0.27) 1.04 (2.67) —15.64 (3.05)* 1.39 (1.91)
Antidepressant —0.03 (1.01)  —0.31(0.26) 0.23 (0.27) 4.78 (1.59) 1.74 (3.04) —0.88 (1.43)
Alcohol —0.09 (0.08)  —0.05(0.02)  —0.02 (0.02) 0.38 (0.23) 0.97 (0.43) 0.18 (0.14)
Cannabis 0.16 (0.10) 0.05 (0.02) 0.03 (0.02) 0.08 (0.17) —0.39 (0.25) —0.24 (0.13)

CHR, Clinical high risk; GAF-m, modified Global Assessment of Function.

Values represent f (standard error).
a modified using Bonferroni correction.
*p<0.0025.

13 (n=1)]. Separate GEE regression models were con-
structed for each symptom of interest as an outcome
variable, with life events and impaired stress tolerance
as predictor variables. The temporal associations of
these stress measures with each symptom of interest
was examined, first in a crude model and then in a
full model that included demographic variables,
medication exposure and substance use. For each
symptom of interest, both crude and full models
showed a significant association (correcting for mul-
tiple comparisons) of the symptom with impaired
stress tolerance as hypothesized but not with total life
events reported (Table 2). Antipsychotic use was as-
sociated with reduced anxiety, and males had more
impaired function (Table 2).

Exploratory analyses of other symptoms using GEE
models showed a significant temporal association
(accounting for multiple comparisons) of impaired
stress tolerance with both conceptual disorganization
and total negative symptoms, associations that re-
mained significant even when age, sex, ethnicity,
medication status and substance use were included in
full GEE models (Table 3). Negative symptoms were
more severe among males and non-Caucasian patients
(Table 3). Life events were unrelated to all symptoms
over time, except for an inverse association with
negative symptoms only in a crude model (i.e. fewer
life events reported with increasing severity of nega-
tive symptoms), an effect no longer evident once
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demographics, medications and substance use were
entered into the model.

Time enrolled in the study was significantly associ-
ated with symptom severity for every symptom stud-
ied except for anxiety and negative symptoms. That
is, over time, positive symptoms, depression and
global function had a general trajectory toward im-
provement but anxiety and negative symptoms re-
mained relatively stable. This is consistent with
correlational analyses that demonstrated a significant
association of time and severity of symptoms (data not
shown). There was also an association of time with
reduction in impaired stress, but not life events, sug-
gesting a general trajectory of concurrent improve-
ment in a broad array of symptoms and stress
tolerance.

Discussion

In this study, youths at heightened clinical risk for
schizophrenia and related psychotic disorders were
found to have a significant burden in terms of stress
sensitivity (i.e. impaired stress tolerance), as measured
with the SOPS. This impaired stress tolerance was as-
sociated in cross-section with suspiciousness and de-
pression, consistent with previous studies in other
CHR cohorts (Thompson et al. 2007; Pruessner et al.
2011; Tessner et al. 2011; Corcoran et al. 2012), and also
with anxiety, an association previously shown in
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Table 3. Exploratory longitudinal analyses for symptoms not hypothesized to be related to stress sensitivity in CHR patients

Perceptual Conceptual Total negative
Grandiosity abnormalities disorganization symptoms
Crude model
Time —0.03 (0.01) —0.07 (0.01)* —0.03 (0.01)* —0.17 (0.06)
Life events 0.05 (0.03) 0.04 (0.04) —0.01 (0.03) —0.48 (0.15)*
Impaired stress tolerance 0.04 (0.05) 0.09 (0.06) 0.22 (0.05)* 0.97 (0.27)*
Full model
Time —0.03 (0.01)* —0.06 (0.01)* —0.03 (0.01)* —0.13 (0.06)
Life events 0.06 (0.04) 0.05 (0.05) —0.00 (0.03) —0.43 (0.17)
Impaired stress tolerance 0.01 (0.05) 0.13 (0.05) 0.23 (0.05)* 1.18 (0.26)*
Age 0.03 (0.03) 0.07 (0.03) —0.03 (0.03) 0.18 (0.15)
Sex (male) 0.73 (0.28) 0.73 (0.33) 0.11 (0.37) 3.78 (1.11)*
Race (non-Caucasian) 0.43 (0.27) —0.06 (0.30) 0.08 (0.27) 3.41 (1.06)*
Antipsychotic —0.12 (0.27) 0.04 (0.25) —0.57 (0.35) —2.97 (1.06)
Antidepressant 0.12 (0.27) —0.41 (0.27) 0.33 (0.19) 0.56 (0.96)
Alcohol —0.02 (0.02) —0.01 (0.02) —0.01 (0.03) —0.20 (0.12)
Cannabis —0.01 (0.03) 0.05 (0.03) 0.04 (0.03) 0.07 (0.08)

CHR, Clinical high risk.

Values represent f (standard error).

a modified using Bonferroni correction.
*p<0.0025.

schizophrenia (Malla & Norman, 1992). By contrast,
CHR patients had self-reported stress exposure
equivalent to that of healthy individuals similar in
demographics, as both groups reported a comparable
number of life events over the prior 3 months.

This study built on prior work by prospectively
examining stress sensitivity and exposure rather than
assessing stress solely at baseline, and by observing
how stress and symptoms covary over time. Longi-
tudinal analysis with correction for multiple compari-
sons showed that impaired stress tolerance was
associated over time, as hypothesized, with a range of
‘prodromal”’ symptoms, including positive symptoms,
specifically unusual thought content and suspicious-
ness, and depression and anxiety (both measured with
Beck scales) and poor function. Impaired stress toler-
ance was also associated over time with conceptual
disorganization and negative symptoms but not with
grandiosity or perceptual disturbances. These associ-
ations of impaired stress tolerance with symptoms
could not be accounted for by demographics or re-
ported exposure to medications, alcohol or cannabis.
By contrast, life events were unrelated to symptoms or
function both in cross-section and over time. Neither
impaired stress tolerance nor life events predicted
transition to psychosis, with all patients having at least
1 year of exposure to risk. This is in contrast to a prior
study demonstrating that impaired stress tolerance
is predictive of the development of psychosis in a
similarly ascertained CHR cohort (Yung et al. 2005),
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although the current study may have been under-
powered to detect a relationship given its lower con-
version rate.

Taken together, these data suggest that impaired
stress tolerance is a core feature of the psychosis risk
syndrome related to its characteristic attenuated
psychotic symptoms, negative symptoms, poor func-
tion and depression and anxiety (Moghaddam, 2002;
Corcoran ef al. 2003 ; Grace, 2012). This constellation of
‘prodromal’ symptoms, including impaired stress
tolerance, had a trajectory of general improvement
over time (except for the persistence of anxiety and
negative symptoms), consistent with findings in other
help-seeking CHR cohorts who receive treatment
(Cannon et al. 2002; Morrison et al. 2004; Cornblatt
et al. 2007; Walker et al. 2009). This trajectory of im-
provement may be related to a large prevalence of re-
mission and functional recovery in CHR cohorts
(Schlosser et al. 2011). In addition, patients in the study
typically received psychological treatments such as
CBT, which focuses on interpretation and manage-
ment of stress and symptoms, and for which there is
evidence for efficacy for prodromal symptoms
(McGorry et al. 2002; Morrison et al. 2004; Kimhy &
Corcoran, 2008). Impaired stress tolerance may be a
potential target for early intervention, as it is related
to other prodromal symptoms and to poor function,
and has been identified as a potential predictor of
psychosis (Yung et al. 2005). Future studies can exam-
ine potential intervention strategies in clinical trials,
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including CBT, antidepressants and anxiolytics, for
their efficacy in improving stress tolerance and related
symptoms and functional impairment.

Candidate biomarkers of impaired stress tolerance
include endocrinological indices and functional ima-
ging markers, observed either basally or in response to
a stress paradigm. Impaired stress tolerance and re-
lated prodromal symptoms have been associated with
elevated basal cortisol secretion in CHR cohorts
(Thompson et al. 2007; Walker et al. 2010; Corcoran
et al. 2012), consistent with dysregulation in the
hypothalamic—pituitary-adrenal (HPA) axis underly-
ing stress sensitivity in the psychosis risk state.
Impaired stress tolerance is also associated with the
increased hippocampal metabolism characteristic of
the psychosis risk state (Schobel et al. 2009), and so
may be consequent to abnormal glutamatergic trans-
mission, as posited by Moghaddam (2002), or to loss of
inhibitory feedback, as glucocorticoid receptors are
decreased in the hippocampus in schizophrenia
(Webster et al. 2002). Functional imaging of the hip-
pocampus (along with endocrinological and auto-
nomic assay) in the context of a stress paradigm in
CHR patients, as has been reported in normal controls
(Khalili-Mahani et al. 2010), could clarify the neural
circuitry that underlies this stress sensitivity, which
seems to be core to the psychosis risk state.

In the current study, life events were unrelated to
symptoms, as has been reported in other studies
(Mason et al. 2004; Thompson et al. 2007). This is con-
sistent with studies in schizophrenia that have simi-
larly demonstrated that stress sensitivity (perceived
stress and daily hassles) are more predictive of symp-
toms and outcome than self-reported exposure to life
events (Norman & Malla, 1993). A limitation of our
study is that stress was assessed retrospectively, de-
spite quarterly assessments, such that participants
were asked to recall life events or instances of poor
stress tolerance in the prior 3 months. This limitation
may be more significant for life events, assessed using
a self-report checklist, than for impaired stress toler-
ance, assessed through semi-structured interview.
Life event checklists also have the problem of intra-
category variability, in which events that vary widely
in valence, magnitude or relevance are all coded
equivalently (Dohrenwend, 2006), regardless of per-
sonal significance or subjective impact. Checklists are
also subject to recall errors, as evidenced by their low
test-retest reliability (Steele et al. 1980), which may be
exacerbated by psychiatric conditions (Dohrenwend,
2006). Finally, clinical improvement may increase ex-
posure to life events, consistent with the apparent in-
verse association of life events and negative symptom
in this current study. Together, these limitations could
potentially obscure an association of life events with
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symptoms and lead to a Type II error. A better meth-
odology may be to use structured interviews, which
are more valid and reliable than checklists (Monroe,
2008), albeit more time-consuming. However, even
with a structured interview, a previous study failed to
find an association of life events with symptoms in a
CHR cohort (Thompson et al. 2007).

A further limitation is that impaired stress toler-
ance, positive symptoms and negative symptoms were
all assessed using the same instrument; however, each
of these weigh as distinct factors in the SIPS/SOPS
(Hawkins et al. 2004). Furthermore, impaired stress
tolerance was also associated with depression and
anxiety assessed using the Beck scales, and in an early
subgroup of the cohort of n =21 was highly associated
with ratings from Cohen’s Perceived Stress Scale
(Cohen et al. 1983), suggesting concurrent validity of
the measure. There are new methods for measuring
psychological stress developed specifically for in-
dividuals experiencing positive symptoms that may
have utility for future studies examining stress and
symptoms in CHR youths (Tso et al. 2012). In addition,
the causal direction of associations between stress
sensitivity and other ‘prodromal” symptoms can be
examined using time-lag analysis with greater fre-
quency of assessment, using experience sampling or
daily diary methodology (Collip ef al. 2011).

In summary, impaired tolerance to normal stress
seems to be a core feature of the psychosis risk syn-
drome related to other characteristic symptoms of at-
tenuated positive symptoms, affective symptoms,
negative symptoms and poor function. It is a potential
treatment target that may have endocrinological and
neural correlates that can act as biomarkers in clinical
trials.
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